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2a system of coupled equations for the correlation coef-
cients are given in [10]; we follow the notation of [10]
in the the paragraphs below. Under certain conditions,
those equations can be further simplied and rewritten























































































subtracted from both sides of this equation to make the
right-hand side small. Since large random-phase approxi-
mation (RPA) corrections in the particle-hole CI+MBPT







of equations on the right-hand side in Ref. [10] are small
and have been neglected here. The concern might be




















) in front. However, for the large CI model space,
energies of the core-virtual orbitals bs are well separated
from the energies of the valence-hole orbitals av. The









































































eective Hamiltonian. For faster convergence of CI and
for subtraction of the dominant monopole contributions
in RPA diagrams, a V
(N 1)
Hartree-Fock (HF) model












Further improvement of accuracy can be achieved
through iterations. After one iteration we obtain the




















































































































































































































































































































Note that in the last equation we have extended the







the single-double formalism would normally not contain
eg
adad
in the denominator. However, if we do not modify
this denominator, we nd that in the third-order MBPT,
large terms proportional to eg
adad
will appear leading to
a decrease in accuracy. A physical reason for modify-
ing the denominator of this term is that the process de-
scribed by this term contains two holes in the intermedi-
ate states with large interaction energy. This interaction
should be treated nonperturbatively, for example, by in-
clusion of eg
adad
into the denominator as we have done on
the basis of the single-double equations in other terms.
Finally, this term is almost equal to the seventh term
(they are complex conjugates and their Goldstone dia-
grams are related by a reection through a horizontal
axis), and for convenience they are set equal in numer-







be easily obtained using the second-order particle-hole
formulas given in Ref. [9].
3III. A SOLUTION OF THE HOLE-ENERGY
PROBLEM
A. Breit corrections
Apart from Coulomb correlation corrections, the Breit
magnetic interaction is also important in neon and the
isoelectronic ions. The breakdown of various Coulomb
and relativistic contributions to the energy of 3s states
of neon are given in Ref. [10]. Breit corrections cancel,
but for higher excited states they may not. Hence, to
improve the accuracy of ne-structure splittings, we in-















We have checked that the rst-order corrections B
(1)
to
the energies of J = 2 and J = 1 states given in Table I









We omit the small frequency-dependent Breit, quantum-
electrodynamic, reduced-mass, and mass-polarization
corrections. Small as they are, those corrections are fur-
ther reduced after subtraction for the ne-structure in-
tervals. More careful treatment of relativistic corrections
is needed in calculations of high-Z neon-like ions.
B. Calculations of hole energies for neonlike ions
Since we propose a new variant of the MBPT expan-
sion, we would like rst to demonstrate that this expan-
sion is convergent for hole states. The theoretical hole
energies shown in Table I have been obtained in the V
(N)




order corrections. The extra term in the denominator is
important and is necessary for convergence of the per-
turbation expansion. Experimental hole energies in the
National Institute of Standards and Technology (NIST)
database Ref. [11] are found as the limit energies for the
neon isoelectronic sequence. For neutral neon only one
limit, the p
3=2







has been measured in
Ref. [12], and using this value we nd the experimental
p
1=2





energies as well as the same ne
structure interval for neon-like ions. Our ne structure
interval, whose correctness is crucial for transition ampli-
tude calculations, diers from experiment just by about
10 cm
 1





state is 8.5% higher than the experimental value
173930 cm
 1
, and, after adding correlation corrections,
we obtain improvement by a factor of ten. For the ne
structure, the HF value 1001cm
 1
disagrees even more,
by 28%. If we use Rayleigh-Schrodinger perturbation
TABLE I: A comparison of theoretical and experimental hole




ne-structure intervals for neon












Th. 172434 380443 645951 967531 1344344
2p
3=2
Exp. 173930 381390 646402 967804 1345070
Dierence 1496 947 451 273 726
2p
1=2
Th. 173218 381816 648196 970997 1349449
2p
1=2
Exp. 174 710 382756 648631 971246 1350160










, Exp. 780 1366 2229 3442 5105
Dierence -4 -7 -16 -24 -15
TABLE II: A comparison with experiment of CI+MBPT ener-
gies referenced to the ground state and given in atomic units.
An almost constant shift is subtracted in the fth column
to demonstrate excellent agreement for relative positions of
levels




































5s 0.7593 0.7525 0.0069 0.0000
theory, the corrections are twice as large as our results,
and the agreement with experiment does not improve.
IV. NEON ENERGIES AND OSCILLATOR
STRENGTHS OF J=1 ODD STATES
To test the accuracy of the CI+MBPT method, we
rst calculated energies of several lowest odd J=1 neon
states, Table II. The number of congurations in CI was
chosen to be 52. The order of eigenstates obtained in
CI+MBPT is the same as the order of the experimental
levels. We abbreviate long NIST designations since the
levels are uniquely specied by energy or by order.
The pure ab-initio energies dier from experimental
energies by 0.0069 a.u., but after subtraction of the sys-
tematic shift (which does not make much dierence in
transition calculations), the agreement is at the level of
0.0001 a.u. for almost all states. Therefore, we consider
the accuracy of CI+MBPT adequate for correct predic-
tion of level mixing and oscillator strengths. For the 3s
states, agreement with experiment for the ne structure
interval is much better than that obtained by Avgous-
toglou et al. [10], 0.0002 versus 0.0012 a.u.; a possible
4TABLE III: Our CI+MBPT oscillator strengths for the
ground to excited state transitions in neon compared with
average experimental values (3rd and 4th columns) and those
obtained with the best semiempirical theories [3, 5, 13]




































5s 0.0053 0.0043 0.0044 0.0050 0.0043 -
TABLE IV: References for experimental data shown in Fig. 1
Obs. Reference Year f 
1 Kuhn et al. [14] 1967 0.01200 0.00200
2 Lawrence and Liszt [15] 1969 0.00780 0.00040
3 Geiger [16] 1970 0.00900 0.00200
4 Kernahan et al. [17] 1971 0.00840 0.00070
5 Kazantsev and Chaika [18] 1971 0.01380 0.00080
6 Knystautas and Drouin [19] 1974 0.00780 0.00080
7 Bhaskar and Lurio [20] 1976 0.01220 0.00090
8 Westerveld et al. [21] 1979 0.01090 0.00080
9 Aleksandrov et al. [22] 1983 0.01200 0.00300
10 Chornay et al. [23] 1984 0.01200 0.00400
11 Tsurubuchi et al. [24] 1990 0.01220 0.00060
12 Chan et al. [25] 1992 0.01180 0.00060
13 Ligtenberg et al. [26] 1994 0.01070 0.00030
14 Suzuki et al. [27] 1994 0.01060 0.00140
15 Curtis et al. [28] 1995 0.00840 0.00030
16 Gibson and Risley [29] 1995 0.01095 0.00032
17 Zhong et al. [30] 1997 0.01240 0.00380
explanation for this could be that single-double equa-
tions miss important corrections which we included by
modifying the denominators. In Ref. [10], however, the
systematic shift is small.
Finally, we present our CI+MBPT oscillator strengths
in neon. After diagonalization of the second-order eec-
tive Hamiltonian, we obtain wave functions in the form
of expansion coeÆcients in the CI space and use them
to calculate oscillator strengths. Size-consistent formu-
las for dipole matrix elements for transitions decaying
into the ground state are provided in Ref. [2], where the
absorption oscillator strength f is also dened. We give
in this table ab-initio values of the oscillator strengths
f . The dominant part of the RPA corrections is included
at the level of CI. Small normalization corrections are
omitted.
Many experiments have disagreements in oscillator
strengths far exceeding the cited errors (see Fig. 1 and
Table IV): hence, for comparison, we give in Table III
two statistical averages: the rst is a weighted accord-





























Observations in chronological order
 Experiments







ing to cited standard deviations and the second is an
unweighted average. For the 3s levels, the experimental
data compiled in Ref. [2] and for the higher excited levels
in Ref. [30] have been included in the averaging. Average
values obtained here are not necessarily the most accu-
rate, but they serve well for comparison and for a test of
our probably less accurate calculated values.
A more careful analysis of experimental techniques to
exclude systematic errors, which are denitely present, is




3d states, since the energy separation of the two
states is small, experiments give the sum of the two oscil-
lator strengths, and the value 0.0196 rather than 0.0130
should be compared with the experimental values 0.0187
(0.0199). In this table, we also compare our theory with
other semiempirical theories. Surprisingly, early calcu-
lations by Aleksandrov et al. [13] agree well with our
calculations. A fair agreement, considering the high sen-
sitivity of these transitions to correlation correction, is
also obtained with the other theories in the table.
V. CONCLUSIONS
In this paper, we have introduced CI+MBPT theory
for particle-hole states of closed-shell atoms. A diÆculty
that the hole energy has poor convergence is overcome
5with modications of denominators in MBPT. Good pre-
cision for hole states and for particle-hole states is illus-
trated for many energy levels of neon. Apart from en-
ergies, our theory is tested in calculations of oscillator
strengths. Agreement with averaged experimental values
is achieved.
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